I
NTRAVENOUS (IV) TISSUE-TYPE PLASminogen activator (tPA) is a treatment of proven benefit for select patients with acute ischemic stroke as long as 4.5 hours after onset. 1, 2 Available evidence suggests a strong influence of time to therapy on the magnitude of treatment benefit. In stroke animal models, time to reperfusion is a dominant determinant of final infarct volume. 3 In human patients, imaging studies show the volume of irreversibly injured tissue in acute cerebral ischemia expands rapidly over time, typically consuming 2 million additional neurons per minute until reperfusion is achieved. 4 Pooled data from IV tPA clinical trials indicate that therapeutic benefit of tPA is greatest when given very early after ischemic stroke and declines throughout the first 4.5 hours after onset. 5, 6 The available trial data, however, have limitations in both precision and representativeness. The pooled tPA clinical trial data set is of moderate size (1850 tPA-treated patients from 8 trials), limiting precision in delineating the influence of time to treatment on magnitude of benefit. 5 The generalizability of clinical trial findings regarding time effects also needs to be confirmed in patients treated in routine clinical practice. Small observational studies of tPA in practice settings have been reported but were underpowered to interrogate time effects, with resulting variable results finding 7 or not finding 8, 9 an independent effect of time to treatment on outcome after IV tPA.
To address the need for analysis of a large, practice-based data set, the US national Get With The GuidelinesStroke (GWTG-Stroke) registry was analyzed to determine the association of time to treatment with outcomes from intravenous thrombolysis.
METHODS
GWTG-Stroke is a national registry launched by the American Heart Association and American Stroke Association to support continuous quality improvement of hospital systems of care for patients with stroke and transient ischemic attack (TIA). 10, 11 Details of the design and conduct of the GWTG-Stroke Program have previously been described. 11 GWTG uses a web-based patient management tool (Outcome, Quintiles Company) to collect clinical data on consecutively admitted patients, to provide decision support, and to enable real-time online reporting features. After an initial pilot phase, the GWTG-Stroke Program was made available in April 2003 to any hospital in the United States. 10 Data from hospitals that participated in the program any time between April 1, 2003 , and April 1, 2012, were included in this analysis. Each participating hospital received either human research approval to enroll patients without individual patient consent under the common rule or a waiver of authorization and exemption from subsequent review by their institutional review board.
Outcome serves as the data collection and coordination center for GWTG. The Duke Clinical Research Institute was the data analysis center and it had an agreement to analyze the aggregate deidentified data for research purposes. The institutional review board of Duke University approved the study. Trained hospital personnel were instructed to ascertain consecutive patients admitted with the principal clinical diagnosis of acute stroke or TIA by prospective clinical identification, retrospective identification through the use of discharge codes, or a combination of both.
Patient data, including demographics, medical history, stroke onset time (last known well time), arrival time, inhospital diagnostic studies, tPA treatment initiation time, tPA complications, other treatments and procedures, discharge treatments and counseling, inhospital mortality, ambulatory status at discharge, and discharge destination were abstracted by trained hospital personnel. Stroke severity was measured by the National Institutes of Health Stroke Scale (NIHSS). Data on hospital-level characteristics (ie, bed size, academic or nonacademic status, annual stroke volume, and geographical region) were obtained from the American Hospital Association database. Whether the hospital had been certified by the Joint Commission as a primary stroke center and duration of participation in GWTGStroke were also determined. Admission staff, medical staff, or both recorded the patient's self-reported race/ ethnicity, usually during registration. Prior studies have suggested differences in outcomes from acute ischemic stroke related to race/ethnicity.
Statistical Analysis
Patient demographic and clinical variables and hospital-level characteristics independently associated with onset to treatment (OTT) time analyzed as a continuous variable were identified with multivariable linear regression. Patient demographic and clinical variables, hospital-level characteristics, and clinical outcomes were compared among patients treated in the 0 to 90-, 91 to 180-, and 181 to 270-minute OTT windows (time intervals selected because of their use in clinical trials and regulatory approvals). Percentages and mean standard deviations or median interquartile ranges (IQRs) were reported for categorical and continuous variables, respectively. The Pearson 2 test and Wilcoxon rank-sum tests were used to compare the categorical and continuous variables, respectively, between patients treated in the 3 OTT epochs.
The relationships between patient and hospital characteristics associated with OTT were further examined with multivariable logistic regression models. To account for within-hospital clustering, generalized estimating equations (GEEs) were used to generate both unadjusted and adjusted models. The variables used in the risk models were patient-level and hospital-level risk adjustors that were expected to be predictive of outcome, based on empirical analysis, prior literature, and clinical judgment.
Patient-level factors included age, race/ethnicity, sex, medical history (including atrial fibrillation, prosthetic heart valve, previous stroke or TIA, coronary heart disease or prior myocardial infarction, carotid stenosis, peripheral vascular disease, hypertension, dyslipidemia, diabetes, and current smoking), stroke severity (NIHSS), an age-by-NIHSS interaction term, arrival time during regular work hours (7 AM-PM Monday-Friday), arrival mode (ambulance, private vehicle), and select classes of vascular risk prevention medications prior to admission.
Hospital-level factors included hospital size, region, teaching status, rural location, certified primary stroke center status, average number of patients treated with tPA annually, and average number of annual stroke discharges. All variables were included in the predictive models without use of a stepwise or other formal variable selection process.
Both multivariable binary and ordinal logistic regression analyses were performed to explore the relationship between OTT and clinical outcome measures, including (1) in-hospital mortality, (2) discharge status (ordinal: home, acute rehabilitation, skilled nursing facility, or dead; and binary: home vs other), (3) and ambulatory status at discharge (ordinal: ambulatory without another person's assistance, ambulatory only with another person's assistance, nonambulatory, or dead; and binary: ambulatory without another person's assistance vs other). The relationships between OTT and the tPA complications of symptomatic intracranial hemorrhage within 36 hours, life-threatening or serious systemic hemorrhage within 36 hours, or any tPA complication within 36 hours were also analyzed. Data for select key variables were imputed as follows: sex (missing in 0.07%)-male; medical history (missing in 3.2%)-no; race/ethnicity (missing in 0.2%)-white; and arrival mode (missing in 5.7%)-emergency medical services. All P values were 2-sided and statistical significance was defined as P value of less than .05.
The associations of OTT as a continuous variable and outcomes were also analyzed by clinical subgroups of age (Ͻ70, Ն70), sex, race/ethnicity (non-Hispanic white, other), and presenting stroke severity (NIHSS 0-14, 15-42) with multiplicative interaction terms. P values for interaction were computed using WALD tests and analyzed with Bonferroni correction, with values of less than .013 considered significant.
For dichotomous outcomes, number needed to treat to benefit and number needed to treat to harm values were derived by dividing 100 by the absolute risk reduction. For ordinal outcomes, these values were derived using automated joint outcome table completion methods (automated random sampling and algorithmic). The methods were the same as described 12 except that table population occurred using only unidirectional changes in outcome, enabling fully automated calculation. Benefit per hundred and harm per hundred values were obtained by taking the inverse of number needed to treat to benefit and number needed to treat to harm values. All analyses were performed using SAS statistical software version 9.1 (SAS Institute Inc).
RESULTS
Between April 1, 2003, and March 31, 2012, data for 1 222 119 patients hospitalized with acute ischemic stroke were submitted to the registry by 1857 participating hospitals. For this analysis, we excluded data from sites with missing data on medical history in more than one-quarter of patients (43 sites, 34 287 patients), data from sites with fewer than 30 patients (166 sites, 1851 patients), cases with in-hospital onset of stroke (27 666 patients), and individuals treated with intra-arterial recanalization therapy (2622 patients) or experimental therapies (446). Of the remaining 1 154 247 patients from 1647 sites, 66 692 (5.8%) were treated with IV tPA. Of these, we further excluded patients with missing or imprecise onset, arrival, or treatment time data (3413); patients treated beyond 4.5 hours (1496) after onset of stroke; and patients with discharge destination data not indicative of functional status (3430) due to transfer to another acute hospital, leaving against medical advice, or missing.
The remaining 58 353 patients from 1395 sites treated after emergency department arrival with IV tPA within 4.5 hours of symptom onset, concordant with current national guideline recommendations, 1 constitute the study population. Among these patients (in whom median age was 72 years and 50.3% were women), the OTT time for IV tPA administration was mean (SD) 144 ( TIME TO TREATMENT WITH IV TPA AND ISCHEMIC STROKE OUTCOME For patients treated in the first 90 minutes, compared with 181-270 minutes after onset, mortality was less likely to occur (OR, 0.74; 95% CI, 0.64-0.86), symptomatic intracranial hemorrhage was less likely to occur (OR, 0.72; 95% CI, 0.60-0.87), independence in ambulation at discharge was more likely to occur (OR, 1.51; 95% CI, 1.35-1.69), and discharge to home was more likely to occur (OR, 1.33; 95% CI, 1.20-1.46).
Similarly, outcomes across the entire ordinal range of ambulatory status at discharge and of discharge destination were independently linked to OTT (FIGURE 2; and eTable 1 available at www.jama.com). For every 15-minute-faster interval of treatment, better ambulation status at discharge was more likely to occur (OR, 1.04; 95% CI, 1.03-1.05). For every 15-minutefaster interval of treatment, discharge to a more independent destination environment was more likely to occur (OR, 1.03; 95% CI, 1.03-1.04). Improved ordinal outcomes with more timely treatment were also seen when OTT time was analyzed as 90-minute epochs.
In sensitivity analyses, these associations were robust when evaluated in the subset of patients from 2009-2012, in whom additional informa- The number needed to treat and benefit per 1000 treated patients values for treatment in earlier vs later OTT epochs are shown in eTable 5. Among 1000 treated patients, every 15-minutefaster acceleration of treatment was associated with 18 more patients having improved ambulation at discharge (including 8 more having fully independent ambulation) and 13 more patients being discharged to a more independent environment (including 7 more being discharged to home) and 4 fewer patients dying prior to discharge.
DISCUSSION
In this study of more than 50 000 patients with acute ischemic stroke treated with IV thrombolysis in routine clinical practice there was an association of earlier treatment with outcome. Treatment started more rapidly after symptom onset was associated with reduced in-hospital mortality and symptomatic intracranial hemorrhage and increased achievement of independent ambulation by discharge and discharge to home.
These findings confirm and extend data regarding the relation between OTT time and good functional outcomes from formal clinical trials. The most recent analysis of pooled data from completed trials of IV tPA showed that earlier treatment is associated with greater magnitude of benefit. 5 However, the precision of estimates of time effects was limited by the modest sample size of 1850 patients treated with tPA, and the generalizability of the findings to conventional clinical practice among more diverse patients and hospitals was uncertain. The population of tPA-treated patients in the current study is more than 30 times larger than the pooled clinical trial sample and represents data from a more diverse set of hospitals, including more than onequarter of all hospitals with an emergency department treating adults in the United States.
The magnitude of the association of OTT with improved functional outcomes after thrombolysis observed in this study is consonant with that in the formal clinical trials. In an analysis of the pooled IV tPA trial data set, for every 100 patients treated with IV therapy, with every 10-minute delay in the start of thrombolytic infusion within the 1-to 3-hour treatment time, 0.9 fewer patients had an improved final disability outcome. 13 Similarly, the current study found that for every 100 patients treated, for every 10-minute delay in patients treated within 4.5 hours of onset, 1.2 fewer had better ambulation at discharge and 0.8 fewer had a more independent discharge destination.
Our data also provide new findings regarding the relation between OTT with IV tPA and adverse outcomes from acute ischemic stroke. In the analysis of pooled clinical trial data, evidence of a relationship of earlier OTT and mortality was marginal, with a P value of .04 for OTT as a continuous variable and nonsignificant findings for the individual time epochs of 0 to 90, 91 to 180, and 181 to 270 minutes. 5 In the current larger study, the association of earlier OTT and reduced mortality was demonstrated more convincingly, both for OTT as a continuous variable (P Ͻ .001) and over each of the 90-minute treatment epochs. In the pooled clinical trial analysis, an interaction of OTT with large parenchymal hemorrhagic transformation was not detected. 5 With our larger sample size, we were able to identify that earlier OTT was clearly associated with a reduction in the occurrence of symptomatic intracranial hemorrhage. Our findings extend to the under 4.5-hour period those from the Safe Implementation of Treatments in Stroke registry of increased risk of symptomatic intracranial hemorrhage with tPA treatment beyond 4.5 hours.
14 Our study also expands on prior studies of tPA in clinical practice that have analyzed OTT. These studies provided conflicting results, some reporting that OTT was independently related to outcomes 7 and some reporting that OTT was not. 8, 9 These mixed findings likely reflect limits of study power because the sample sizes in prior practice reports were 200 to 900 patients, 2 orders of magnitude less than in the current study. With the much larger cohort in this study, we were able to detect an association of OTT that was sizeable in magnitude.
This analysis differs from the trial data set as well in considering time differences among IV tPA-treated patients rather than between IV tPAand placebo-treated patients. Consequently, this study analyzes the temporal effect of delaying TPA treatment while the pooled analysis describes the temporal effect of foregoing TPA treatment. Considering the ORs for OTT as a continuous variable, every 15-minute acceleration in start of tPA after onset was associated with patients having a 4% greater odds of walking independently at discharge, a 3% greater odds of being discharged to home rather than an institution, a 4% lower odds of death before discharge, and a 4% lower odds of experiencing symptomatic hemorrhagic transformation of infarct. The current study reinforces and is consistent with findings from a prior analysis of the GWTGStroke population, demonstrating improved mortality and functional outcomes with accelerated "door-toneedle" times for initiation of IV tPA after hospital arrival. 15 In this study, the association of OTT and clinical outcomes was greatest in analyses that included adjustment for baseline stroke severity, and was attenuated in analyses adjusted only for demographic and other variables. Since initial deficit severity is a dominant predictor of outcome from acute ischemic stroke, analyses controlling for presenting severity have substantially greater power to delineate relations between process of care variables such as OTT and outcome. 16 Stroke deficit severity is an important confounder of unadjusted analyses of OTT and outcome because it increases the likelihood of both earlier presentation and worse final outcome.
The findings from this study emphasize the importance of worldwide efforts to shorten onset to lytic treat-TIME TO TREATMENT WITH IV TPA AND ISCHEMIC STROKE OUTCOME ment times for acute ischemic stroke. Several interventions have been demonstrated to improve public knowledge of warning signs of a potential stroke in progress and readiness to activate the emergency medical system soon after onset including public service and paid media advertising 17 ; dissemination of simple mnemonics such as the Face Arm Speech Test (FAST) 18 ; education of school children 19 ; and culturally appropriate, multifaceted interventions. 20 Regional systems of stroke care accelerate treatment, in which prehospital personnel are trained to recognize stroke using validated screening tools, deliver patients at highest transport priority directly to certified stroke centers capable of delivering lytic therapy reliably and rapidly, and provide prearrival notification from the out-of-hospital setting to activate stroke teams and permit readying of computed tomographic or magnetic resonance imaging scanners for immediate use upon patient arrival. [21] [22] [23] Multipronged quality improvement programs, such as the Target: Stroke initiative, have demonstrated success in accelerating the time from patient arrival at the hospital to start of lytic therapy, with components including written protocols for acute triage and patient flow; single call systems to activate all stroke team members; computed tomography or magnetic resonance imaging scanner clearance as soon as the center is made aware of an incoming patient; location of the computed tomography scanner in the emergency department; storage and rapid access to thrombolytic drugs in the emergency department; collaboration in developing treatment pathways among physicians, nurses, pharmacists, and technologists from emergency medicine, neurology, and radiology departments; and continuous data collection to drive iterative system improvement.
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Limitations
Several potential limitations should be considered in interpreting the results of this study. The data reported are dependent on the accuracy and completeness of abstraction from the medical record. To optimize data quality, the GWTG-Stroke Program includes detailed training of site chart abstractors, standardized case definitions and coding instructions, predefined logic and range checks on data fields at data entry, audit trails, and regular data quality reports for all sites.
11 Source documentation audits at the individual state and site levels have shown high data quality. 28 Participating hospitals are instructed to include all consecutive admissions for ischemic stroke. Although the potential exists for selection bias, comparison of entered patients with national Medicare data sets has confirmed the representativeness of the GWTG-Stroke population. 29 Physiologic determinants of outcome, including presenting blood pressure and serum glucose levels, were not analyzed in the main models but findings for OTT times and outcomes were similar in models confined to the 24 470 patients accrued after addition of these variables to the registry. Residual measured and unmeasured confounding variables may have influenced some or all of the findings. Finally, the outcomes reported in this study are shortterm outcomes. No data on postdischarge stroke-related outcomes are currently collected in the GWTGStroke Program so the longer-term effect of OTT times on functional outcomes could not be directly investigated. However, studies have shown that functional status at time of acute hospital discharge, including ambulatory status and discharge destination, correlates strongly with long-term global disability outcomes at 3 months.
30,31
CONCLUSIONS
In a registry representing national US clinical practice, earlier thrombolytic treatment of patients with acute ischemic stroke was associated with more frequent independent ambulation at discharge and discharge to home, and with reduced mortality and symptomatic intracranial hemorrhage. These findings support intensive efforts to accelerate patient presentation and to streamline regional and hospital systems of acute stroke care to compress OTT times.
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